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PROBLEM TO BE SOLVED: To maintain an excellent power 
generation performance by reducing the volume of 
humidifying water and surely preventing generation of 
condensation, using a simple configuration. 
SOLUTION: A fuel stack 10 comprises a first and second 
sub-stacks 12, 14, and humidifier 16 is joined to the first 
sub-stack 12. In the humidifier 16, an unused oxidant gas 
feed passage 90 and a used oxidant gas exhaust passage 86 
are arranged close to each other. The humidifier 1 6 
exchanges the moisture between an unused oxidant gas and 
a used oxidant gas, and while feeding the humidified unused 
oxidant gas to the second sub-stack 14, the humidifier 16 
exhausts the used oxidant gas whose moisture is eliminated, 
from the used oxidant gas exhaust passage 86. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the substack by which the electrolyte and the electrode structure 
which prepared the electrode of a pair infixed the separator in electrolytic both sides, 
and two or more laminatings were carried out to them. It is the fuel cell stack by which 
said two or more substacks are arranged by two or more trains in parallel with the 
direction of a laminating. One [ at least ] intact reactant gas of the oxidizer gas which 
is joined to one substack and supplied to this substack, or fuel gas, It has the 
humidifier for which moisture is exchanged between the used reactant gas discharged 
from this substack. The reactant gas free passage way which passes said one [ at 
least ] reactant gas to two or more of said electrolyte and electrode structures While 
constituting the return flow way which penetrates and turns up the inside of said two 
or more substacks, in said humidifier The fuel cell stack characterized by for the 
intact reactant gas supply path which supplies said intact reactant gas, and the used 
reactant gas discharge path which discharges said used reactant gas from said 
reactant gas free passage way approaching said reactant gas free passage way 
mutually, and establishing it in it. 

[Claim 2] It has the substack by which the electrolyte and the electrode structure 
which prepared the electrode of a pair infixed the separator in electrolytic both sides, 
and two or more laminatings were carried out to them. One [ at least ] intact reactant 
gas of the oxidizer gas which is the fuel cell stack by which said two or more 
substacks are arranged by two or more trains along the direction of a laminating, and 
is supplied to said substack, or fuel gas, While having the humidifier for which moisture 
is exchanged between the used reactant gas discharged from said substack and 
joining said humidifier to one substack in said direction of a laminating The fuel cell 
stack to which the dimension of said direction of a laminating containing said one 
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substack and said humidifier is characterized by being set as other dimensions and 
EQCs of said direction of a laminating of a substack. 

[Claim 3] It has the substack by which the electrolyte and the electrode structure 
which prepared the electrode of a pair infixed the separator in electrolytic both sides, 
and two or more laminatings were carried out to them. Said two or more substacks are 
arranged by two or more trains in parallel with the direction of a laminating. Or one [ at 
least ] intact reactant gas of the oxidizer gas which is the fuel cell stack connected 
with a serial in said direction of a laminating, and is supplied to said substack or fuel 
gas, Where it had the humidifier for which moisture is exchanged between the used 
reactant gas discharged from said substack and said substack and said humidifier are 
joined, the appearance of said fuel cell stack The fuel cell stack characterized by 
being set as the rectangular parallelepiped configuration which eliminated a part for 
concave heights from the front face. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has the substack by which the electrolyte and 
the electrode structure which prepared the electrode of a pair infixed the separator in 
electrolytic both sides, and two or more laminatings were carried out to them, and 
relates to the fuel cell stack by which said two or more substacks are arranged by two 
or more trains. 
[0002] 

[Description of the Prior Art] For example, the electrolyte membrane (electrolyte) 
which consists of macromolecule ion exchange membrane (cation exchange 
membrane) is used for a polymer electrolyte fuel cell (PEFC). It has the unit cell 
constituted by pinching the electrolyte membrane (electrolyte) and the electrode 
structure constituted by **(ing) the anode lateral electrode and cathode lateral 
electrode which become the both sides of this electrolyte membrane from a catalyst 
electrode and porosity carbon, respectively an opposite with a separator (bipolar 
plate). Usually, this unit cell is used as a fuel cell stack by carrying out the laminating 
only of the predetermined number. 

[0003] In this kind of fuel cell stack, hydrogen is ionized on a catalyst electrode and 
the fuel gas supplied to the anode lateral electrode, for example, the gas which mainly 
contains hydrogen, (henceforth hydrogen content gas) moves to a cathode lateral 
electrode side through an electrolyte membrane. The electron produced in the 
meantime is taken out by the external circuit, and is used as electrical energy of a 
direct current. In addition, since oxidizer gas, for example, the gas which mainly 
contains oxygen, or air (henceforth oxygen content gas) is supplied, a hydrogen ion, an 
electron, and oxygen react in this cathode lateral electrode, and water is generated by 
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the cathode lateral electrode. 

[0004] By the way, in the above-mentioned fuel cell stack, since it becomes 
impossible to maintain high-power^density operation when an electrolyte membrane 
dries, it is necessary to humidify said electrolyte membrane appropriately. The fuel 
cell stack currently indicated by for example, the U.S. Pat. No. 5,382,478 official report 
is known there. 

[0005] As the above-mentioned fuel cell stack is shown in drawing 10 , the 
humidification section 4 is arranged and said generation-of-electrical-energy section 
2 and humidification section 4 are attached to the upstream of the 
generation-of-electrical-energy section 2 in one in the direction of a laminating of a 
unit cell (the direction of arrow-head X). While reactant gas feed hopper 6a and 
reactant gas exhaust port 6b are prepared, in the fuel cell stack, it results [ from said 
reactant gas feed hopper 6a ] in the generation-of^electrical-energy section 2 
through said humidification section 4, and the reactant gas passage 8 which is further 
open for free passage from said humidification section 4 to said reactant gas exhaust 
port 6b is formed at the humidification section 4 side. 

[0006] Then, if reactant gas (oxidizer gas or fuel gas) is supplied to reactant gas feed 
hopper 6a, after this reactant gas is humidified with a steam by flowing the inside of 
the humidification section 4, it will be sent to the generation-of-electrical-energy 
section 2. Furthermore, after reactant gas is consumed in the 

generation-of^electrical-energy section 2, it is discharged from reactant gas exhaust 
port 6b through the humidification section 4. Although not illustrated in the 
humidification section 4 in that case, the cooling medium which cooled the 
generation-of-electrical-energy section 2 is supplied, and this cooling medium is used 
for humidification of reactant gas as a steam source of supply. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the cooling medium which 
cooled the generation-of-electrical-energy section 2 is used for humidification of 
reactant gas, it is necessary to replace this cooling medium with the above-mentioned 
conventional technique. And since a cooling medium is used, before humidifying 
reactant gas, it is necessary to let said cooling medium pass in an ion-exchange 
vessel. Thereby, while a facility is complicated and enlarged, the problem that cost 
soars is pointed out. 

[0008] This invention can solve this kind of problem, and the generation water 
contained in used reactant gas can be used as humidification water of intact reactant 
gas, and it is an easy configuration and aims at offering the fuel cell stack which dew 
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condensation in a reactant gas free passage way is prevented, and can maintain the 

generation-of-electrical-energy engine performance effectively. 

[0009] 

[Means for Solving the Problem] In the fuel cell stack concerning claim 1 of this 
invention, it has the substack by which the electrolyte and the electrode structure 
which prepared the electrode of a pair infixed the separator in electrolytic both sides, 
and two or more laminatings were carried out to them, and said two or more substacks 
are arranged by two or more trains in parallel with the direction of a laminating. 
[0010] Furthermore, it has the humidifier for which moisture is exchanged between 
one [ at least ] reactant gas of the oxidizing agent gas supplied to a substack, or fuel 
gas, and the reactant gas discharged from said substack, and this humidifier is joined 
to one substack. 

[001 1] And the reactant gas free passage way which passes one [ at least ] reactant 
gas to two or more electrolyte and electrode structures constitutes the return flow 
way which penetrates and turns up the inside of two or more substacks. The intact 
reactant gas supply path which supplies intact reactant gas to a reactant gas free 
passage way, and the used reactant gas discharge path which discharges used 
reactant gas from said reactant gas free passage way approach mutually, and is 
established in the humidifier. 

[0012] For this reason, moisture is exchangeable between said used reactant gas and 
intact reactant gas which are humidified including generation water by introducing into 
a humidifier the used reactant gas discharged from a substack. Therefore, while 
becoming possible to use the moisture contained in used reactant gas as 
humidification water for humidifying intact reactant gas and reducing the 
humidification water supplied effectively, the amount of water discharged is reducible. 
Since moisture without an impurity is used in that case, an ion-exchange machine etc. 
becomes unnecessary and simplification of a configuration is attained. 
[0013] And while the moisture contained in used reactant gas is reduced, piping for 
returning said used reactant gas to a humidifier is simplified. It is because piping which 
extends through the inside of a humidifier from the reactant gas outlet of a substack 
becomes unnecessary. This prevents that dew condensation occurs in a reactant gas 
free passage way, water is not introduced in a generation-of-electrical-energy side, 
or waterdrop piles up in said reactant gas free passage way, and this reactant gas free 
passage way is not blockaded. Therefore, it becomes possible for reactant gas to flow 
smoothly and to maintain the generation-of-electrical-energy engine performance 
good. 
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[0014] Moreover, in the fuel cell stack concerning claim 2 of this invention, while two 
or more substacks are arranged by two or more trains along the direction of a 
laminating, one substack is set as short length in said direction of a laminating rather 
than other substacks. And the dimension of the direction of a laminating which joined 
one substack and humidifier is set as other dimensions and EQCs of the direction of a 
laminating of a substack. 

[0015] In this case, when one substack and humidifier are joined as it is equivalent to 
the dimension of the direction of a laminating, it is a concept including the range which 
is extent to which a level difference is not conspicuous in said direction of a laminating 
among other substacks. 

[0016] For this reason, in case two or more substacks arranged by two or more trains 
along the direction of a laminating are installed, an unnecessary gap (dead space) does 
not occur and the installation tooth space of a fuel cell stack can be narrow-ized 
effectively. 

[0017] By the fuel cell stack concerning claim 3 of this invention, while two or more 
substacks are arranged by two or more trains in parallel with the direction of a 
laminating or connecting with a serial in said direction of a laminating, it has the 
humidifier for which moisture is exchanged between one [ at least ] reactant gas of 
the oxidizing agent gas supplied to said substack, or fuel gas, and the reactant gas 
discharged from said substack further again. And where a substack and a humidifier 
are joined, the appearance of a fuel cell stack is set as the rectangular parallelepiped 
configuration which eliminated a part for concave heights from the front face. In this 
case, a rectangular parallelepiped configuration is a concept including the 
configuration which is extent by which a part for the concave heights which was 
conspicuous on the front face is not checked by looking. 

[0018] Thereby, the appearance configuration of a fuel cell stack is simplified and the 
installation degree of freedom of this fuel cell stack improves. Therefore, while 
installing a fuel cell stack easily for the part of arbitration, and good, the handling 
workability of said fuel cell stack improves effectively. 

[0019] And by constituting a substack, each substack can be dealt with as one block, 
and the laminating number is reduced compared with the configuration which uses a 
unit cell. For this reason, the assembly workability of a fuel cell stack improves 
effectively, and productivity becomes high. 
[0020] 

[Embodiment of the Invention] Drawing 1 is the outline perspective view of the fuel 
cell stack 10 concerning the 1st operation gestalt of this invention, and drawing 2 is 
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the important section decomposition perspective view of said fuel cell stack 1 0. 
[0021] The fuel cell stack 10 is equipped with the 1st and 2nd substacks 12 and 14 
arranged by two or more trains, for example, two trains, along the direction of a 
laminating (the direction of arrow-head A). While a humidifier 1 6 is joined to one edge 
of the 1st substack 12, an end plate 17 is attached in one edge of the 2nd substack 14. 
The connection plate 1 8 is fixed to the other-end section of the 1 st and 2nd 
substacks 12 and 14 in one. 

[0022] While the dimension H1 of the direction of a laminating of the 1st substack 12 
is set as short length rather than the dimension H2 of the direction of a laminating of 
the 2nd substack 14, the dimension (H1+H3) of the direction of a laminating which 
joined said 1st substack 12 and humidifier 16 is set up on a par with the dimension H2 
of said direction of a laminating of said 2nd substack 14. The 1st and 2nd substacks 12 
and 14 are constituted identically, pile up the unit cell 20 of the number of 
predetermined groups in the direction of arrow-head A, respectively, and are 
constituted. 

[0023] As shown in drawing 3 , a unit cell 20 is equipped with an electrolyte membrane 
(electrolyte) and the electrode structure 22, and the 1st and 2nd separators 24 and 26 
that pinch said electrolyte membrane and electrode structure 22. The 1 st and 2nd 
separators 24 and 26 are constituted by metal sheet metal or the sheet metal made 
from carbon. 

[0024] In the end edge by the side of the long side (the direction of arrow-head B) of 
an electrolyte membrane and the electrode structure 22, and the 1st and 2nd 
separators 24 and 26 Oxidizer gas supply free passage hole 30a for it being mutually 
open for free passage in the direction of arrow-head A, and supplying oxidizer gas, for 
example, oxygen content gas, to it, Fuel gas discharge free passage hole 34b for 
discharging, cooling-medium supply free passage hole 32a and fuel gas, for example, 
the hydrogen content gas, for supplying cooling media, such as pure water, ethylene 
glycol, and oil, is prepared. 

[0025] It is mutually open for free passage in the direction of arrow-head A, and 
oxidizer gas discharge free passage hole 30b for discharging cooling-medium 
discharge free passage hole 32b for discharging fuel gas supply free passage hole 34a 
for supplying fuel gas and a cooling medium and oxidizer gas is prepared in the other 
end edge by the side of the long side of an electrolyte membrane and the electrode 
structure 22, and the 1st and 2nd separators 24 and 26. 

[0026] An electrolyte membrane and the electrode structure 22 equip the thin film of 
a perfluoro sulfonic acid with the anode lateral electrode 38 and the cathode lateral 
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electrode 40 with which water pinches the solid-state polyelectrolyte film 36 with 
which it comes to sink in, and this solid-state polyelectrolyte film 36. The anode 
lateral electrode 38 and the cathode lateral electrode 40 consist of a catalyst 
electrode and porosity carbon, respectively. 

[0027] While the oxidizer gas passageway 42 which consists of two or more slots 
which extend in the direction of arrow-head B is formed in field 24a by the side of the 
electrolyte membrane and the electrode structure 22 of the 1 st separator 24, this 
oxidizer gas passageway 42 is open for free passage to oxidizer gas supply free 
passage hole 30a and oxidizer gas discharge free passage hole 30b. 
[0028] The fuel gas passage 44 which opens fuel gas supply free passage hole 34a and 
fuel gas discharge free passage hole 34b for free passage is formed in field 26a by the 
side of the electrolyte membrane and the electrode structure 22 of the 2nd separator 
26. This fuel gas passage 44 is equipped with two or more slots which extend in the 
direction of arrow-head B. The cooling-medium passage 46 which opens 
cooling-medium supply free passage hole 32a and cooling-medium discharge free 
passage hole 32b for free passage is formed in field 26b of the 2nd separator 26. This 
cooling-medium passage 46 is equipped with two or more slots which extend in the 
direction of arrow-head B. 

[0029] As shown in drawing 2 , the fuel gas inlet port 48 which is open for free passage 
to fuel gas supply free passage hole 34a, and the cooling-medium inlet port 50 which 
is open for free passage to cooling-medium supply free passage hole 32a are formed 
in an end plate 1 7. 

[0030] The oxidizing agent gas passageway 52 for being open for free passage to 
oxidizing agent gas supply free passage hole 30a which constitutes the 1 st substack 
12 for oxidizing agent gas discharge free passage hole 30b of the 2nd substack 14 on 
the connection plate 18, The fuel gas path 54 for opening for free passage fuel gas 
discharge free passage hole 34b which constitutes said 2nd substack 14 to fuel gas 
supply free passage hole 34a which constitutes said 1st substack 12 is formed in a 
groove along with field 18a by the side of said 1st and 2nd substack 12 and 14. The 
oxidizer gas free passage way (reactant gas free passage way) 57 which constitutes a 
return flow way, and the fuel gas free passage way (reactant gas free passage way) 59 
are established in the 1st and 2nd substacks 12 and 14. 

[0031] In order to open cooling-medium supply free passage hole 32a of the 1st and 
2nd substacks 12 and 14, and cooling-medium discharge free passage hole 32b for 
free passage in the field 18b side of another side of the connection plate 18, it is 
constituted cooling-medium path 56a and in the shape of a 56b fang furrow. 
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[0032] As shown in drawing 4 , a humidifier 16 is equipped with two or more sets of 
humidification eels 60 by which a laminating is carried out in the direction of 
arrow-head A, and end plates 62a and 62b are arranged in the direction both ends of a 
laminating of said humidification eel 60. The humidification eel 60 is equipped with the 
water transparency film 64 and the separators 66 and 68 arranged at the both sides of 
this water transparency film 64. 

[0033] Two or more projections 70 which extend in the water transparency film 64 
side horizontally in a separator 66 are formed, and between said separator 66 and said 
water transparency film 64, the 1 st oxidizer gas passageway 72 which stands in a row 
in the direction of a vertical is formed, moving in a zigzag direction horizontally. Two or 
more projections 74 which extend in the water transparency film 64 side horizontally 
in a separator 68 are formed, and between said separator 68 and said water 
transparency film 64, the 2nd oxidizer gas passageway 76 which stands in a row in the 
direction of a vertical is formed, moving in a zigzag direction horizontally. 
[0034] As shown in drawing 5 , the intact oxidizer gas discharge path 80, the 
cooling-medium discharge path 82, and the used oxidizer gas supply path 84 are 
established in the humidification eel 60 at a horizontal end side. The used oxidizer gas 
discharge path 86, the fuel gas discharge path 88, and the intact oxidizer gas supply 
path 90 are established in the horizontal other end side of the humidification eel 60. 
[0035] The 1 st oxidizer gas passageway 72 prepared in the separator 66 opens the 
used oxidizer gas supply path 84 and the used oxidizer gas discharge path 86 for free 
passage (refer to drawing 5 ). The 2nd oxidizer gas passageway 76 prepared in the 
separator 68 opens the intact oxidizer gas supply path 90 and the intact oxidizer gas 
discharge path 80 for free passage. 

[0036] As shown in drawing 4 , the oxidizing agent gas passageway 92 for opening the 
intact oxidizing agent gas discharge path 80 for free passage to oxidizing agent gas 
supply free passage hole 30a which constitutes the 2nd substack 14 is formed in 
end-plate 62b joined to the 1st substack 12. The slot 94 which once turns up up fuel 
gas discharge free passage hole 34b which constitutes the 1 st substack 1 2, and is 
open for free passage to the fuel gas discharge path 88 is formed in this end-plate 62b. 
[0037] As shown in drawing 1 , the cooling-medium discharge path 82, the used 
oxidizer gas discharge path 86, the fuel gas discharge path 88, and the intact oxidizer 
gas supply path 90 are formed in end-plate 62a. The intact oxidizer gas supply path 90 
and the used oxidizer gas discharge path 86 approach mutually, and are formed in 
end-plate 62a. 

[0038] Thus, actuation of the fuel cell stack 1 0 constituted is explained below. 



9/18 



JP2003-187S3SA 



[0039] First, if oxidizer gas, such as oxygen content gas, is supplied from the intact 
oxidizer gas supply path 90 formed in end-plate 62a which constitutes a humidifier 1 6, 
this oxidizer gas will be sent to the oxidizer gas passageway 92 through the 2nd 
oxidizer gas passageway 76 in said humidifier 1 6. Oxidizing agent gas is supplied to 
oxidizing agent gas supply free passage hole 30a which constitutes the 2nd substack 
14 through the oxidizing agent gas passageway 92 (refer to drawing 2 ). 
[0040] In this 2nd substack 14, while fuel gas, such as hydrogen content gas, is 
supplied to fuel gas supply free passage hole 34a from the fuel gas inlet port 48 
established in the end plate 1 7, cooling media, such as pure water, ethylene glycol, and 
oil, are supplied to cooling-medium supply free passage hole 32a from the 
cooling-medium inlet port 50. For this reason, in the 2nd substack 14, oxidizer gas, 
fuel gas, and a cooling medium are supplied to two or more sets of unit cells 20 piled 
up in the direction of arrow-head A. 

[0041] As shown in drawing 3 , the oxidizer gas supplied to oxidizer gas supply free 
passage hole 30a which is open for free passage in the direction of arrow-head A is 
introduced into two or more oxidizer gas passagewaies 42 prepared in the 1st 
separator 24, and moves along with the cathode lateral electrode 40 which constitutes 
an electrolyte membrane and the electrode structure 22. On the other hand, the fuel 
gas supplied to fuel gas supply free passage hole 34a is introduced into two or more 
fuel gas passage 44 established in the 2nd separator 26, and moves along with the 
anode lateral electrode 38 which constitutes an electrolyte membrane and the 
electrode structure 22. 

[0042] Therefore, in an electrolyte membrane and the electrode structure 22, the 
oxidizer gas supplied to the cathode lateral electrode 40 and the fuel gas supplied to 
the anode lateral electrode 38 are consumed according to electrochemical reaction 
within a catalyst electrode, and a generation of electrical energy is performed. 
[0043] The oxidizer gas by which the part was consumed by an electrolyte membrane 
and the electrode structure 22 is introduced into oxidizer gas discharge free passage 
hole 30b from the oxidizer gas passageway 42, and as shown in drawing 2 , it is 
supplied to the oxidizer gas passageway 52 prepared in the connection plate 1 8. This 
oxidizing agent gas passageway 52 is opening oxidizing agent gas discharge free 
passage hole 30b of the 2nd substack 14, and oxidizing agent gas supply free passage 
hole 30a of the 1st substack 12 for free passage, and the oxidizing agent gas supplied 
to said oxidizing agent gas passageway 52 is introduced into said oxidizing agent gas 
supply free passage hole 30a of said 1st substack 12. 

[0044] After the fuel gas with which similarly the part was consumed with the anode 
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lateral electrode 38 which constitutes an electrolyte membrane and the electrode 
structure 22 is introduced into fuel gas discharge free passage hole 34b, it is 
discharged by the fuel gas path 54 which moves in the direction of arrow-head A, and 
is established in the connection plate 18. This fuel gas path 54 is open for free 
passage to fuel gas supply free passage hole 34a of the 1st substack 12, and fuel gas 
is introduced into said fuel gas supply free passage hole 34a of this 1 st substack 1 2. 
[0045] Thereby, in the 1st substack 12, like the 2nd substack 14, oxidizer gas and fuel 
gas are supplied to the cathode lateral electrode 40 and the anode lateral electrode 38 
which constitute each electrolyte membrane and electrode structure 22, it is 
consumed according to electrochemical reaction within a catalyst electrode, and a 
generation of electrical energy is performed. 

[0046] In addition, a part cools each electrolyte membrane and electrode structure 22, 
and the cooling medium supplied to cooling-medium supply free passage hole 32a of 
the 2nd substack 1 4 is discharged by cooling-medium discharge free passage hole 32b. 
Furthermore, a cooling medium is introduced into cooling-medium supply free passage 
hole 32a of the 1 st substack 1 2, and cooling-medium discharge free passage hole 32b 
through the cooling-medium paths 56a and 56b established in the connection plate 18. 
[0047] While the fuel gas discharged from the 1 st substack 1 2 is discharged from the 
fuel gas discharge path 88 established in the humidifier 16, a cooling medium is 
discharged from the cooling-medium discharge path 82 established in said humidifier 
16. 

[0048] In this case, with the 1st operation gestalt, the used oxidizer gas discharged by 
oxidizer gas discharge free passage hole 30b of the 1st substack 12 is supplied to the 
used oxidizer gas supply path 84 which constitutes a humidifier 16. As shown in 
drawing 5 , the used oxidizer gas supplied to the used oxidizer gas supply path 84 
moves along with the 1st oxidizer gas passageway 72 currently formed in the 
separator 66, and is discharged by the used oxidizer gas discharge path 86. 
[0049] Intact oxidizer gas is supplied to the 2nd oxidizer gas passageway 76 which 
infixed the water transparency film 64 in the 1st oxidizer gas passageway 72, and has 
countered it in that case (refer to drawing 4 ). Therefore, while moisture moves toward 
intact oxidizer gas from the used oxidizer gas which is in a humidification condition 
according to the difference of a steam partial pressure and the moisture in used 
oxidizer gas decreases, the moisture in intact oxidizer gas increases. 
[0050] Thus, with the 1st operation gestalt, the used oxidizer gas which was 
consumed according to electrochemical reaction by the 2nd substack 14 and the 1st 
substack 12, and contained generation water is supplied to a humidifier 16, and is 
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exchanging moisture between intact oxidizer gas. For this reason, the moisture 
contained in used oxidizer gas can be used as humidification water for humidifying 
intact oxidizer gas, and it becomes possible to reduce effectively the humidification 
water supplied to said intact oxidizer gas by the fuel cell stack 10 whole. 
[0051] And since the intact oxidizer gas supply path 90 and the used oxidizer gas 
discharge path 86 approach and are arranged while the moisture contained in used 
oxidizer gas is reduced, piping for returning this used oxidizer gas to a humidifier 16 is 
simplified. Thereby, dew condensation does not occur in the oxidizer gas free passage 
way 57, water is not introduced in a generation-of-electrical-energy side, or 
waterdrop piles up in said oxidizer gas free passage way 57, and this oxidizer gas free 
passage way 57 is not blockaded. Therefore, oxidizer gas can be passed smoothly and 
the effectiveness of becoming possible to maintain effectively the 
generation-of-electrical-energy engine performance of the fuel cell stack 10 whole is 
acquired. 

[0052] Moreover, while supplying oxidizing agent gas and fuel gas between the 2nd 
substack 14 and the 1st substack 12 at a serial, the laminating number of sheets of 
said latter 1 st substack 1 2 is set up fewer than the laminating number of sheets of 
said 2nd substack 14 of the preceding paragraph. For this reason, there is an 
advantage that the utilization factor of oxidizer gas and fuel gas improves effectively. 
[0053] Furthermore, with the 1st operation gestalt, as shown in drawing 1 , where the 
1st substack 12 and a humidifier 16 are joined in the direction of arrow-head A, the 
dimension of the direction of a laminating containing this 1st substack 12 and this 
humidifier 1 6 (the direction of arrow-head A) is set up on a par with the dimension of 
the direction of a laminating of the 2nd substack 14 (the direction of arrow-head A). 
Therefore, also in case the 1st and 2nd substacks 12 and 14 arranged in parallel with 
the direction of a laminating are installed in one, an unnecessary gap (dead space) 
does not occur and there is an advantage that the installation tooth space of the fuel 
cell stack 1 0 is narrow-ized effectively. 

[0054] Although the 1st and 2nd substacks 12 and 14 are arranged horizontally, said 
1st and 2nd substacks 12 and 14 can also pile up and consist of the 1st operation 
gestalt in the vertical direction further again if needed. 

[0055] Moreover, the appearance of the fuel cell stack 10 is set as the cube 
configuration which eliminated a part for concave heights from the front face (refer to 
drawing 1 ). For this reason, it becomes possible to install the fuel cell stack 10 
effective in a narrow tooth space. 

[0056] Furthermore, the fuel cell stack 10 constitutes the 1st and 2nd substacks 12 
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and 14. Thereby, the 1st and 2nd substacks 12 and 14 can be dealt with as one block, 
and the laminating number is reduced compared with the configuration which deals 
with it for every unit cell. For this reason, the assembly workability of the fuel cell 
stack 10 improves effectively, and there is an advantage that productivity becomes 
high. 

[0057] Drawing 6 is the important section decomposition perspective view of the fuel 
cell stack 100 concerning the 2nd operation gestalt of this invention. In addition, the 
same reference mark is given to the same component as the fuel cell stack 10 
concerning the 1st operation gestalt, and the detailed explanation is omitted. 
Moreover, it is the same also with the 3rd [ which is explained below ] thru/or 5th 
operation gestalt. 

[0058] The fuel cell stack 100 is equipped with the connection plate 102 which 
connects the 1st and 2nd substacks 12 and 14. The oxidizer gas passageway 104 
which opens oxidizer gas supply free passage hole 30a of the 1 st and 2nd substacks 
12 and 14 for free passage, the oxidizer gas passageway 106 which opens oxidizer gas 
discharge free passage hole 30b for free passage, the fuel gas path 108 which opens 
fuel gas supply free passage hole 34a for free passage, and the fuel gas path 110 
which opens fuel gas discharge free passage hole 34b for free passage are formed in 
field 102a of this connection plate 102. 

[0059] At the fuel cell stack 10, while oxidizer gas and fuel gas are supplied to a serial 
to the 1st and 2nd substacks 12 and 14, by the fuel cell stack 100, oxidizer gas and 
fuel gas are supplied to juxtaposition to said 1st and 2nd substacks 12 and 14. 
[0060] Thus, with the 2nd operation gestalt constituted, the intact oxidizer gas 
supplied to the humidifier 16 is supplied to oxidizer gas supply free passage hole 30a 
which constitutes the 2nd substack 14, after being humidified by performing exchange 
of moisture between used oxidizer gas. On the other hand, fuel gas and a cooling 
medium are supplied to fuel gas supply free passage hole 34a of the 2nd substack 14, 
and cooling-medium supply free passage hole 32a. 

[0061] Within the 2nd substack 14, it moves along with the cathode lateral electrode 
40 and the anode lateral electrode 38 which constitute each electrolyte membrane 
and electrode structure 22, and a generation of electrical energy is presented with a 
part of oxidizer gas supplied to oxidizer gas supply free passage hole 30a and fuel gas 
supply free passage hole 34a, and fuel gas, and it is consumed. And the oxidizer gas 
and fuel gas which flow oxidizer gas supply free passage hole 30a and fuel gas supply 
free passage hole 34a are supplied to oxidizer gas supply free passage hole 30a of the 
1st substack 12, and fuel gas supply free passage hole 34a through the oxidizer gas 
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passageway 104 and the fuel gas path 1 10 which are formed in the connection plate 
102. 

[0062] Moreover, the oxidizer gas and fuel gas with which the generation of electrical 
energy was presented are discharged by oxidizer gas discharge free passage hole 30b 
of the 1st substack 12, and fuel gas discharge free passage hole 34b through the 
oxidizer gas passageway 106 and the fuel gas path 108 which are established in the 
connection plate 102. 

[0063] In this case, with the 2nd operation gestalt, the used oxidizer gas with which 
the generation of electrical energy was presented by the 1st and 2nd substacks 12 
and 14 is sent to a humidifier 16 from oxidizer gas discharge free passage hole 30b, 
and exchange of moisture is made between intact oxidizer gas. The same 
effectiveness as the 1 st operation gestalt is acquired, such as becoming possible to 
be able to reduce the amount of humidification of used oxidizer gas, and for dew 
condensation not to occur, and to perform a good generation-of-electrical-energy 
function by this, while humidifying intact oxidizer gas effectively. 

[0064] Drawing 7 is the outline perspective view of the fuel cell stack 130 concerning 
the 3rd operation gestalt of this invention. 

[0065] The fuel cell stack 1 30 is equipped with the 1 st substack 1 2 to which the 
humidifier 16 was joined, and the 2nd and 3rd substacks 14 and 14a arranged in 
parallel by said 1st substack 12. While the connection plate 132 is attached in one 
over the 1st thru/or the 3rd substacks 12, 14, and 14a, an end plate 134 is formed in 
said 2nd and 3rd substacks 14 and 14a in one. 

[0066] Thus, with the 3rd operation gestalt, the 1st thru/or the 3rd substacks 12, 14, 
and 14a are arranged in parallel, and the fuel cell stack 130 is set as the appearance 
configuration of a rectangular parallelepiped configuration as a whole, and can 
miniaturize said fuel cell stack 130 whole effectively. Furthermore, if 4th substack 14b 
or the substack beyond it is arranged if needed, also in case especially large power is 
demanded, it will become possible to correspond easily. 

[0067] Drawing 8 is the outline flat-surface explanatory view of the fuel cell stack 140 
concerning the 4th operation gestalt of this invention. 

[0068] In this fuel cell stack 140, the 1st thru/or the 4th substacks 12, 14, 14a, and 
14b are formed, and the 3rd and 4th substacks 14a and 14b are arranged by the 1st 
and 2nd substack 12 and 14 lists in the direction of a laminating (the direction of 
arrow-head A). While the connection plate 142 is infixed between the 1st and 2nd 
substacks 12 and 14 and the 3rd and 4th substacks 14a and 14b, said 3rd and 4th 
substack 14a and 14b are combined with the connection plate 144. 
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[0069] In the fuel cell stack 140, reactant gas, for example, oxidizer gas, is opened for 
free passage to the oxidizer gas supply path 1 46 and the oxidizer gas discharge path 
148 which are prepared by approaching a humidifier 16, and the oxidizer gas free 
passage way 1 50 which constitutes the return flow way turned up in the shape of 
abbreviation for U characters is formed. 

[0070] Drawing 9 is the outline flat-surface explanatory view of the fuel cell stack 160 
concerning the 5th operation gestalt of this invention. 

[0071] In this fuel cell stack 160, while the 1st and 2nd substacks 12 and 14 are 
arranged at two trains along the direction of arrow-head B which crosses in the 
direction of a laminating (the direction of arrow-head A) in the single tier of a 
laminating, i.e., the direction, a humidifier 1 62 is joined to the direction end face of 
arrow-head A of said 1 st substack 1 2. The dimension of the direction of arrow-head B 
is set as the same dimension as the 1st and 2nd substacks 12 and 14, and a humidifier 
162 is constituted by the rectangular parallelepiped configuration as the fuel cell stack 
160 whole. 

[0072] In the fuel cell stack 160, the oxidizer gas free passage way 164 which 
constitutes the return flow way of the letter of the abbreviation for U characters is 
formed. The oxidizer gas supply path 1 66 and the oxidizer gas discharge path 1 68 
which are open for free passage on the oxidizer gas free passage way 1 64 approach 
mutually, and are established in the humidifier 1 62. In addition, the 3rd and 4th 
substacks 14a and 14b etc. can connect and consist of fuel cell stacks 160 in the 2nd 
substack 14 if needed. 

[0073] The fuel cell stack 160 can deal with said the 1st thru/or 4th substacks 12, 14, 
14a, and 14b as one block by constituting the 1st thru/or the 4th substacks 12, 14, 
14a, and 14b in that case. For this reason, the assembly workability of the fuel cell 
stack 1 60 improves effectively. 
[0074] 

[Effect of the Invention] In the fuel cell stack concerning this invention, moisture is 
exchangeable between this used reactant gas and intact reactant gas by introducing 
into a humidifier the used reactant gas with which was supplied in two or more 
substacks, and the reaction was presented. For this reason, it can become possible to 
use the moisture contained in used reactant gas as humidification water for 
humidifying intact reactant gas, and the humidification water supplied can be reduced 
effectively. 

[0075] And while the moisture contained in used reactant gas is reduced, piping for 
returning this used reactant gas to a humidifier is simplified. It becomes possible for 
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dew condensation not to occur in a reactant gas free passage way, and to maintain 
the good generation-of-electrical-energy engine performance by this. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline perspective view of the fuel cell stack concerning the 1st 
operation gestalt of this invention. 

[Drawing 2] It is the important section decomposition perspective view of said fuel cell 
stack. 

[Drawing 3] It is the decomposition perspective view of the unit cell which constitutes 
said fuel cell stack. 

[Drawing 4] some humidifiers which constitute said fuel cell stack — it is a 
cross-section explanatory view. 

[Drawing 5] It is the transverse-plane explanatory view of the separator which 
constitutes said humidifier. 

[Drawing 6] It is the important section decomposition perspective view of the fuel cell 
stack concerning the 2nd operation gestalt of this invention. 

[Drawing 7] It is the outline perspective view of the fuel cell stack concerning the 3rd 
operation gestalt of this invention. 

[Drawing 8] It is the outline flat-surface explanatory view of the fuel cell stack 
concerning the 4th operation gestalt of this invention. 

[Drawing 9] It is the outline flat-surface explanatory view of the fuel cell stack 
concerning the 5th operation gestalt of this invention. 

[Drawing 10] It is the approximate account Fig. of the fuel cell stack concerning the 

conventional technique. 

[Description of Notations] 

10,100,130,140,160 — Fuel cell stack 

12, 14, 14a, 14b — Substack 

16,162 — Humidifier 17 — End plate 
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18,102,132 — Connection plate 20 — Unit cell 

22 — An electrolyte membrane and the electrode structure 24, 66, 68 — Separator 
30a — Oxidizer gas supply free passage hole 30b — Oxidizer gas discharge free 
passage hole 

32a — Cooling-medium supply free passage hole 32b — Cooling-medium discharge 
free passage hole 

34a — Fuel gas supply free passage hole 34b — Fuel gas discharge free passage hole 

36 — Solid-state polyelectrolyte film 38 — Anode lateral electrode 

40 — Cathode lateral electrode 42 — Oxidizer gas passageway 

44 — Fuel gas passage 46 — Cooling-medium passage 

52, 72, 76, 92,104,106 — Oxidizer gas passageway 

54,108,110 — Fuel gas path 56a, 56b — Cooling-medium path 

57,150,164 — Oxidizer gas free passage way 

59 — Fuel gas free passage way 60 — Humidification eel 

64 — Water transparency film 80 — Intact oxidizer gas discharge path 

82 — Cooling-medium discharge path 84 — Used oxidizer gas supply path 

86 — Used oxidizer gas discharge path 88 — Fuel gas discharge path 

90 — Intact oxidizer gas supply path 146 166 — Oxidizer gas supply path 

148 168 — Oxidizer gas discharge path 



[Translation done.] 
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m»7 614. *teffiBHl#J#X{ftteS18&9 0 k*fi!ffl& 

[ 0 0 3 6 ] 04 JCStf" «t 3 (Z, JK 1 y?12 
Izm-SZtlhx.y F7V- h 6 2 btett, *tefflSHt#J 
#X#EffliiS&8 0 y 9 1 4 £*S)£-r&K 

^J^^«*&3Sil7L3 0 a {Zim~t&tzih(nmimt!* 
MK9 2#Jgj£$*U>. ;«xyF7l/-b6 2bfc 

?L3 4b£ s -M. JJTfctf OiBLTIimtf^ffiSlK 
[ 0 0 3 7 ] 01 fcr^-fi O fc, X> h'TP— I- 6 2 a 

sis&s 6 . am^x#fjiiJis&8 8fc itfsftftfflKfltfMf 

[0038] ico J: a y ? 1 

[00 39] ii\ JD^HI 6Sr«Jj^Sxyh-TP- 

h 6 2 at,zBf&2ivfz^mMttftitfAimmm9 oa> 
*mm-hmim*f*v&wm>3 o a ^testis 

(02#SH) . 

[0 04 0] dtfOH2-»f7'^.^-y^ 1 4T'{4, X>- h'7° 
l^-h 1 7tCiSft6<xTV^*j|»R^AP4 8*»fe«m 

#*«l&aBIJL3 4 aiz*mtttf^<mm*fx&i& 
teztizttMz^ tommxn 5 o frt>mum#te 

ililTL 3 2a (sK^K^xf-i/ yy" U rt^Stf) 

2 0 fc*f LTUMtaWf* , J; Wftfl«SE«c*«tt 

[004 1] 03^-TJ: a fc. ^EPA^-^jSiitT 

X{4, mi*J*U-?2 4lzmi-L>tiX^&im&(r)M 
HcM#AfflRk4 2fc»ASii, WWtK • «®ffit#:2 
2*«|ftt&^y-H||Wfi4 0tc«>-3r»tH-*. - 

{4. B2-fe^V-^2 6lCiS(t^iX-CV^^3(s:0«im 

^■xgi[g§4 4 (c#as*u nmmm ■ mmmm.^2 2 z 

[0042] iot, B8f5t§! ■ mmffi&fa2 2ttt. 

11m 3 8 tcfit*&$ixi,M^^ k mmmm^xm 
[0043] mmnm ■ mmmmfo 2 2 iz x 9 -awra 



#X#mJiIii?l3 0bK#A£*U 02fc^-rJ:ot. 

jUst-u- h 1 8izmit>tix^z>mm#xjm5 2 
izmteznz. z<7)mm*fxM3&5 214. ss2-9-yx 

^7?14 <7)K^J^'X^H5iiii7L3 0 b k . HI 

t*3 0 . HuiaK^j^'xjiss 5 2 izmteztitzmmx 

jSSl?L3 0a£gA£iX&. 

[0044] vmmm ■ mmmm&2 2 zm®, 

<4. «sm^x^tfi^ji7L3 4blc#A$ix^- ^EPA 
*(6]^i>tTjlMr^-M 8fcRttfefL-CV^«m 
#-XiI&&5 4«#£tt£fll>. £0«B*#*ill&5 4li. 

m 1 ^7?i2 cD*m^x«t^iifL 3 4ata 
mlx mm/fxa, z<Dmi*rzfx?v? i2co 
m&m^fxm^mMH 3 4a izmxzti& . 

[0045] ZtllzX*). SltW>y? 1 2tli, 

* 2 2 Srtg^-r h ft v - Hfflim® 4 o k t y - h'ffiomfii 
3 8k tiWBn^tj J:txj8m^*«e8ft$<x, 

[0046] ^ri3, H2^yxy y^l4i0^ai^tt 

mm ■ nmffimfa2 2 imiLxmtmmmimri3 

18^t^ixTV^^ai«#:51Sg5 6a. 56b^ 

lt . s 1 -f yxy 7^2 c7)^ai^*ffi^iiaTL3 2 

[0047] ®lt/X^7?l 2*»4>#fm$^*am 

8 8*^^tti§ix-&kki>t. ^StM^Mi, fiTKMItl 
1 6t»»t^T^4fftffl»fW»{i5il»8 23&»fe»ajS 

[0048] zcorn^. micvmtmmx'ii. miy? 
x? y ?i 2coMim*r xwm&mK3 0 b tc#ai§<i 

^ffiffl^MJ^* 5 , JOSS 1 6 *«fiR^6ttfflar 

*mffltfxm&MS&84izmkztix^&. msizm 

•tX o fc, «fflaF*Kfl3ffl^ttl&ii»8 4 tefltt&Six 

[0049] *com. W> 1 K-fM^'xaK 7 2 K*)S3S 
^6 4 ^^LTMlS] LT^*SB2BMKJW^Si»7 6 

5|c«ffliMa!^+«*4W«illilrt-*. 
[0050] ^^J: olz^ Hi <^)ia©BJBT«. H2-9" 
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xtK i 6 ^«s^§nr*^fflB!^j^x t <?m 

tfxizmtezti&imM**^ fmmmxf y? 1 o^ 

[oo5i] &mmfrmim*fMz-£&tiz>* 
#tmmztiz> tti>iz. 5£®mmimtfA&imm9 

0 fc«ffl»»BHCTJ#*#aSil»8 6 fc aWfiSLTEK 
$*i&fctf>, Cco^fflaf^^J^'X^Jiig^l 6£M 

siiiBs 5 7 rttwMts - 1 < . zmmftiz 
*tfmA%h*z *) . maitRMtfxmm 5 1 n\,zim 
tfws \jxwM(3WJ*wm 5 7 zmmt s i t a«* 

[ 0 0 5 2 ] IWkJW^*Jj:^j»fi^«, H2 
-f «y ? 1 4 *}J:tflR 1 t7*X^7 ? 1 2^tlS?iJ 
(cffilfr*-* 4: i: t fc, «BKDtSfflE» 1 ?y?\2 

nmmmktfmmcvmm 2 v?* ?y?i4 omm®: 

$t£*)&%<m.%.ZtiX^&. zcntz^h. WMM*fx& 

£vmm#xcommmtfimiz[in±.-t& b^o mti&h 

[ 0 0 5 3 ] $ & tc. IB 1 0§gjflS?E2g-Cii. 0 1 ic^-T 
iofc:. ni-*7x*v9 1 2fcJnjffiSl 6fc*«^WA 
*|6lfc:»^S*lfc««-C» .1 Ofg 1 y ? 1 2 *> 

itX^^Juii^l 6 5r^-tfW«^ (^EPA^ri&l) <7)^- 

?rLxmmztifzmi&£Vf&2y7A?-y? 1 2. 1 

4a*-ttW£SB§*lSIRfc:fc* ^FKSrHW (f?M 
) HffiSi-t & Z b < , ^7^10 

[ 0 0 5 4 ] £ m 1 tfgttWBfflmi. m 1 *3 

J:lfi2t/X^7?12, 14 ^'yK¥^rr^(:ffi?iJ $ ti 

t^&#*. ^^jj5tTfriemii3it/m2-fy>c^-7 

? 1 2 . 14 £±T:frfi£fifc1^btfTflij£-rS £ i: € 
[ 0 0 5 5 ] ifc. y ? 1 0<D$imL ^ 

[0056] ^m^ax^ y^ 1 o^ssifci 

^2-9-y^^-y^ 1 2. 1 4£«§j£LT^&. .Iftlc: 
J; 1 ). mit>J:V^21?-7 , X^ y^ 1 2, 14Sr-oc7) 



mmmx? y ? 1 o<o«i*£Tft*tt^»fci*LL 

[0057] H6(i. *HBJ<o^2<OHSfe^.%^^«iS 

» 1 ^lus^s^f^ h mmmmx ?y?iob m-nm 
'-m-tk. ttz. aTizmffit&m3Jbmm5<7mm 

[0 0 58] tmWMXf-y? 1 0 0fi. mi&XT/m 
2t^^7?12, 14JlSgtSag7U-M0 
2£ffilZ>„ ZCDm£y°\s-h 1 0 2CDB1 0 2 alC 
te. mi&£lfs&2V-y'A? y7 12. 14«1W 
Xflti&3iji?L3 0 a|S|±$:3lii-r-i»Bt-fl^J^XiIif&l 0 

4 , mm^mtnmmii3 o b ra±*j«i-r*»faB 

#xm» 10 6. «m^«*&jS)i?L34 a|5l±^^M 

0 8. z>£ifm®*fxmm&m : fL3 
[0059] «y 7 1 otii, ^ i nxx/m 

OT'ti. fllSlllt3J;t>'m2-fyx^-y^ 1 2. 14tC 
[0 06 0] coJ:dfc:»ja$ix4aS2<0l6SBKBT 

a^BMfejw^x 4: <7fflx*tt<r>&mw?x*>tix tmzti 

itai?L3 0afc:«»S*i*. -^T. j»R^*JJ:tm» 
IKflcU. ffS2-9-:TA? 7? 1 4<^)«KR^tt*&aBl?L3 

[006 1 ] ^2-^^^ 7^1 4rtT«, IHKWXTA 
«^iiai?L 3 0 a tJ J; ^«m^'X«t*&jiiifL 3 4 a K{* 

M • «H^ig«s2 2 *Wm-ht)V- YWtikA Ofc J: 

*LT, RfldH^xffi»aSifL3 0a*jJ: 

ft3B^31»l 0 4*J«ktX«m^iiKl l 0*^>L 
t. Hi t/X7 >y 7 1 2^gKt»l^«^jliifL3 0 

[ 0 0 6 2 ] 4fc. »*fc:«S*i.JtBMk»l^rxfe itf«8 
fi^li, jSMTI^- h 1 0 2t=»»t4><l"CV^*BKbW 

^xjisi o 6&£tfim*f xms&i 0 85r^tr. m 

ltW^12 «IWIdB^XfitasaBl?L 3 0 b t3 J; 

vmmtfxm&imMii 3 4b . 
[0063] zcom^. m2comtmmxi±. mm* 

VMS 2 9 <y 7 1 2 . 14 TIWIC* § flfcttfflSf 
^K^J*'x*v BMbW^#tBa0i?L3 0 b^ttS 
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^hz\t ifiX'Z . «fflM*»*-r * £ k < . ft#3r?& 

[00 64] 07 Jl. *liaBcom3<0||JfiJB®^S«!! 

[0065] *J««ft** >y ? 1 3 0(4. fttiffi&l 6# 
«^Snfc»ltW7^12l:. tWBBllf:/.** 
•y? 1 2£&^3*i&£2&J:tfffi3'?7'.X?y? 1 

2. 1 4i34U'l 4 afcibfc-aTiSSrt'-M 3 2# 
-*WfcaR9ft»tfe*t&i:fctfe, Huief&2*i4tffS3 
tyx^7?14, 14afctt,iyH7l/-M34 

[0066] z\<r> ± o c:. m3<vmimmx'iz. mm 

m^f'v? 13 0*«, IlBlfSt/X^v^l 2. 
1 4*3 J: VI 4 a#M?!l£*rt£ffck L"Clt^r#:^cD 

>n»B«fcRjes*LTtj o . Mie«mm^^ 7^13 

CJ&tTSM^yx^-y? 1 4 b. **W4**U2Ub*> 
[ 0 0 6 7 3 0811, *fWB<o»4 WHWWBtffi*«S 

mmmx? y ? 1 4 o<D«i«&TMijiHB0-r«>s . 

[0068] y ? 1 4 OT'ti. H 1 lb 

1^4t^7^12, 14. 1 4 at>4t/l 4 b# 
Wfbtl. WU&Xtf^V-yXf'y? 1 2. 14MI/ 
lzm3&3:Xfm4V-7X? y? 1 4 a. 14b*>TfJi;fc- 
[fij (^EpA^-iej) t=ia?ij$*t&. ^lfcit/^2-9"^ 
?y?12. 1 4 hH3±>J;l>'l|4^yx^>y^ 1 4 
a. 14bt^C, Ig71/-H4 2*>'^$iX^ 
kki>(C. Wfia^3t5j:l>'||4-9-7'X^-y^l4a. 1 

4 b m±tfmmy°v— M44ti osg^jts . 

[0069] miWMX? -y ? 1 4 OrtfcUi, RJ&ff 

tix\,->&m{m#A®&m 1 4 6*jj: viwau^» 

[ 0 0 7 0 ] 09 «. 5 <r>mnmm<,zi&&M 
[0071] zcommMmx? v ? 1 6 o-c-d. n 1 *j 

j;^2-9-rx^-y^i 2. 14imm^3ftii (^EPA* 

fifc&oT2^J(;:Kg$;ft&kki>fc:. fftemi-9-7'^ 
?y? 1 2<7)^EPA^|6]«ffltCjD^§ll 6 2#&-£$il 
6. SDlB»l 6 2(4. ^EPB^(6]^^*^li>4t/SS 

2tyx^7?i2, 1 4fc[ii-^tci$s$it-rt3 



[0072] mmnmx? y ? 1 6 oi*kc(4. b&u^k 
coy ?-ym&zmfct&mm*}?jm8& 1 64jwr 

SHOT#*iIiiii&l 6 4tog&^£K-ft#J# 
X«i£ilf$ 1 6 6 fe J:tXIWaW^»aJii» 1 6 8(4. 
~5\^zm&LXl}\!M%sl 6 2^IS{t^ttTV^„ 
jM$ro&%?-y? 1 6 OT'tl. ^^jStTm2-9-7'X 
^-y^l4^3fc4l>'ll4^\X^'y^l 4a. 14 

bwzma Lxffifct h z t rfxz & . 

[0 07 3] *<0fiL «m«?fiX^-y^l 6 0* { . Hi 
^^4^^^^^ 1 2. 14. 14ai34V14b 

jo. mmmm&4V7x?<v? 

12. 14. 14a*3j;tXl4b^— oco^a-y^h t 

1 6 o nm.?>.$ximm*imiz[ti]±.-r& . 

[0074 ] 

[«W<?«»*] *«Wfc**«m«fiX^»/^-CJ4. & 

mmwyx? vfftizi&i&zixxBimizmiztifzi&m 
m&Kfctfz. *Kti&mzmA-t& z t (=4 o . cico^ffl 

S^KJEtfx k sfeffifflRJStf;* k OfSlXiktt&jmZft 
oZb ifiX-% %> . z.<r>t&>* mmmfrRfctfxiz&Zti 

{gMZit&ZktfX'ZZ. 

[0 07 5] L^i>. «fflar*RJC^fc:*aii&*4i- 
MW«S ti h k k t iz . £ <offiffl»*Rj6^ * SttgS! 
fcK-tfeAWil^fB^rtkS^* . £ixtc4 0. KJE^" 

rnztm-t h z k 3&«rtgtc=5rs . 
[01] *f6Hg^* i comimmiz{&z,ffimmmx? >y 

[02] MI2^*?fix ? y 7 tfDSSMMiWffaEIT* 

[03 ] frt»4mmx^ -y ^ *«js-r*#fl[4s/Ko* 

[04 ] mummmx? y ^ ^matttMrns^M 
mmmmmxhh. 

X°fo&. 

[06] *&wcom 2 nmsmizfik&imwtA 9 -y 
?<?>im®wmx'fo&. 

[08] *^cr>m4<7)||Sfe^®^S«mm?fiX^-y 
^ CO«tB&^iBilBB0T'& h . 

[010] mmftizi&zmmw.mx? •yfcomoawpn 
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10, 100, 130, 140, 

12, 14, 14a, Hb-tyx^'y? 

16, 1 6 2-flDig#S 17-xyP7 

U-h 

18, 10 2, 1 3 2-1^7V-b 2 

2 2-«^®M-«Si«jS* 
8 \z'*U-f 

3 0 a"SM#Xf*&jiiI?L 
3 2 a-"&ffl&tttt i j&i ) i 7 L 
3 4a"«#X{£&SSiI?L 



52, 72, 76, 92, 104, 1 0 



3 6-B3fWf4^«IWHII 

4 0-*y-H«i 



24, 66, 6 
3 0b--«| 
3 2b-#2i]3& 
34b-W 

3 8-7/-H 

4 2-1W 
[01 ] 

FIG. 1 



46- -ftai&f*: 



54, 10 8, 1 1 O-jKBtfXilK 5 6a, 56b 

5 7, 15 0, 1 6 

6 4-*jgj&Jgt 8 0-*teffliS 

8 2- #ai&tt^ mifis& 84- mmm 

8 6- ■mmm^mim^xmtamm 88- 

9 0"*ffifflBt^J^X«i^iiifS 14 6, 166 

14 8, 168- ■mmmxmtamm 
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